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Race and sex differences in
associations of vegetables, fruits,
and carotenoids with lung cancer
risk in New Jersey (United States)
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We used data from a case-control study conducted in New Jersey between 1980 and 1983 to evaluate race and
sex differences in associations of vegetable, fruit, and carotenoid consumption with lung cancer. Cases
included 736 White males, 860 White females, 269 Black males, and 86 Black females with incident, histolog-
ically confirmed, primary cancer of the trachea, bronchus, or lung. Controls were identified through drivers'
license and Health Care Financing Administration files and included 548 White males, 473 White females, 170
Black males, and 47 Black females. Usual intakes of vegetables (predominantly yellow/green) and fruit (pre-
dominantly yellow/orange) as well as other food sources of carotenoids were ascertained by a food frequency
questionnaire. White females showed significant inverse associations of lung cancer with vegetables, fruit,
and carotenoids. White males showed nonsignificant inverse associations with vegetables and carotenoids,
and Black females just with vegetables. No inverse associations were found for Black males. Vegetable con-
sumption was associated with risk of all histologic types of lung cancer, but the pattern of increasing risk with

" decreasing intake was limited to smokers. We infer that consumption of yellow/green vegetables and caroten-
oids may confer protection from lung cancer to White male and White female smokers. Further studies are
needed to clarify the effect in Blacks.
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Introduction

Vegetable I-8 and fruit 1-3,8-_°consumption has been have been reported more frequently and more consist-
related to a reduced risk of lung cancer in numerous ently in males than in females, TMI'14'_5 and the one study 2
epidemiologic studies. Carotenoids--potent antioxi- that investigated Black/White differences was in-
dants found primarily in dark green and yellow veg- conclusive.
etables, and yellow and orange fruits--also have been During the 1980s, the incidence rate of lung cancerin
reported to protect against lung cancer. 1,2,6,1°-_8Inverse men was twice that in women? 9Although comparable
associations with vegetables, fruits, and carotenoids rates were seen for White and Black women, the rate in
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Black men was 50 percent higher than in White men, L9 much higher smoking prevalence was reported for
and not all of this disparity could be explained by dis- deceased controls identified through mortality files
similarities in smoking patterns. 2_We, therefore, used than was reported by living controls identified through
data from a large case-control study conducted in New drivers' license and HCFA files, even when the coded

Jersey (United States) between 1980 and 1983 to evalu- cause of death was not clearly related to smoking.
ate whether discrepancies in lung-cancer incidence Because controls identified through mortality files
rates could be accounted for, in part, by differences in have different health-risk profiles from the general
associations of vegetables, fruit, and carotenoids with population, as exemplified by their higher smoking
lung cancer in males and females and in Whites and prevalence, they do not represent the population from
Blacks. Ziegler et al 2_,2_previously reported results which cases arose and their inclusion could bias risk
from this study for White males, estimates? 7We, therefore, used only controls selected

from drivers' license files and HCFA files in this

Materials and methods analysis.

Study population Data collection

Case-control data were collected in three phases in Usual diet, smoking, smoking by other household
New Jersey between 1980 and 1983. Cases for phase members (passive smoking), occupation, residential
one included all male residents of six, high lung- and medical histories, and demographic characteristics
cancer-mortality areas with incident, histologically were ascertained by in-person interviews. Diet was
confirmed, primary cancer of the trachea, bronchus, assessed using a food frequency questionnaire which
or lung (International Classification of Diseases 23 ascertained usual frequency of consumption, three to
code 162) diagnosed between 1 September 1980 and 31 five years earlier, of selected foods. The questionnaire
October 1981. Methods have been described in detail used in phase one of the study emphasized the food
by Ziegler et a122and Schoenberg et al. 24Briefly, cases sources of carotenoids. Although the questionnaire
were ascertained through local hospitals, the NewJer- was expanded to include additional vegetables and
sey cancer registry, and mortality files. For cases who fruits for the later phases, only the foods included in
were interviewed directly, controls were selected ran- both questionnaires were used in analyses. These were
domly from New Jersey drivers' license files and fre- the vegetables (predominantly yellow/green) and
quency matched to cases by age (five-year intervals), fruits (predominantly yellow/orange) listed in the
race, and area of residence. For cases for whom surro- Appendix, dairy products, and mixed dishes contain-
gates were interviewed because of death or incapaci- ing these items.
tation, controls were selected from New Jersey For fruits and vegetables thatwere eaten seasonally,
mortality files. To increase the number of Black males, in-season and out-of-season frequencies of consump-
phase two extended the study to cover all incident tion and season length were used to estimate mean
lung cancers occurring among Black males between numbers of servings per month during an entire year.
1 August 1982 and 30 November 1983. Controls were Frequencies of individual vegetables and fruits were
selected using the same procedures as phase one except summed to obtain vegetable- and fruit-group frequen-
that a telephone-screening questionnaire was used to cies, respectively. A carotenoid index was calculated by
ascertain race, a variable which was not included on summing the carotenoid content of usual servings of
drivers' license files. Phase three identified incident food items after weighting by the frequency of con-
lung cancer cases among females residing statewide be- sumption. Carotenoid values were derived from the
tween 1 August 1982 and 30 September 1983. Similar US Department of Agriculture Nutrient Database for
methods to the other two phases were used except that Food Consumption Surveys? 8 Since the food fre-
for directly interviewed cases aged 65 or older, controls quency questionnaire did not ascertain information on
were selected randomly from Health Care Financing portion sizes, median portion sizes reported by indi-
Administration (HCFA) files. 25 viduals 50 to 75 years of age, in 24-hour dietary recalls,

Interviews were obtained directly for 57 percent of collected as part of the Second National Health and
cases, with the remaining interviews completed by sur- Nutrition Examination Survey, were used to estimate
rogates including 48 percent spouses, 36 percent chil- the size of a typical serving. _9The same values of caro-
dren, 10 percent siblings, and six percent other tenoidcontent per usual serving were used for allrace/
relatives. Smoking and dietary patterns did not vary by sex groups.
respondent type, except that fruit consumption was Subjects could not always recall if a food item was
reported more frequently by living cases than for eaten, or, if eaten, how often it was eaten. Seventeen

deceased cases. As reported by others, 26however, a (one percent) White males, 33 (two percent) White
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females, 21 (five percent) Black males, and four (three Characteristics of cases and controls by race and sex

percent) Black females had nonquantifiable responses are shown in Table 2. A greater proportion of lung can-
for five or more food items and were excluded from cers were squamous cell carcinomas in males compared
analyses. Median values for all races and sexes corn- with females, while adenocarcinomas (including bron-
bined were substituted for missing data for individuals chioalveolar) were more common in females than in
with fewer than five nonquantifiable responses. Less males. Significant case-control differences in smoking
than one percent of frequencies of consumption of histories were observed among all race/sex groups.
food items was imputed to any race/sex group. Eight Lower, middle, and upper tertiles of intake of
subjects who were missing data on smoking or edu- yellow/green vegetables, yellow/orange fruits, and
cation also were excluded from analyses, carotenoids were defined by the frequency distri-

bution in all controls combined. Distributions of con-

Analysis trois in tertiles for each race/sex group are shown in

We used multiple logistic regression to estimate odds Table 3. White males and females were approximately
ratios (OR) and 95 percent confidence intervals. All equally divided among tertiles for all dietary catego-
models were adjusted for race and/or sex, age, edu- ties, except for an excess of White females in the upper
cation, employment in high-risk occupations, 3°passive tertile for vegetables. Black male controls were more
smoking, and personal smoking. Individuals were likely to be in the lower tertiles for vegetables and for
categorized as: nonsmokers; pipe/cigar smokers only; fruits; but because Black male controls had a high fre-
former cigarette smokers, if they quit more than a year quency of intake of some carotenoid-rich vegetables,
prior to diagnosis of lung cancer for cases or interview such as pumpkin/yams and greens, they were not more
for controls; current cigarette smokers, if they smoked likely to be in the lower tertile for carotenoids.
at the time of diagnosis or interview or had quit within Lung cancer ORs by tertile of consumption for
a year; light smokers, if they smoked an average of less yellow/green vegetables, yellow/orange fruits, and
than 20 cigarettes a day; and heavy smokers, if they carotenoids are shown in Table 4. Consumption of
smoked an average of 20 or more cigarettes a day. For vegetables and carotenoids was associated inversely
males, adjustment also was made for area of residence with lung cancer risk in analyses with and without sur-

(see map in reference 24). Because Black males were rogate interviews, with the strongest, most consistent,
included in both the first and second study phases, an association for vegetables. The remainder of analyses
indicator variable was included in models with Black also were performed with and without surrogate inter-

males to adjust for differences between phases, views for cases, but because findings did not differ sub-
Statistical significance of trends was assessed by sub- stantially, only results including surrogates are

stituting median values for tertiles and performing a reported.
chi-square test21 Effect modification was evaluated In analyses by race/sex group, significant inverse

using median values of tertiles to calculate cross-prod- trends in lung cancer risk among White females were
ucts terms separately with race and with sex and testing observed for yellow/green vegetables, yellow/orange
the significance of these terms in logistic models. All fruits, and carotenoids (Table 5). White males in the
analyses were performed using SAS statistical lower tertile had nonsignificant increased risks for veg-
software? etable and carotenoid intake. The small number of

Black females also had nonsignificant elevated risks in
the lower tertiles for vegetables. Among Black males,

Results however, lower intake was associated with a reduced
risk of lung cancer for each dietary category. Effect

Interviews were completed for 73 percent of cases but modification by race was statistically significant for
only 62 percent of controls. After excluding subjects fruit and carotenoids and effect modification by sex
with missing data, 70 percent of cases and 61 percent of was significant for fruit.
controls could be included in analyses. Table 1 shows

the numbers and percentages of cases and controls Table 1. Number and percent of cases and controls
included for each race-sex group, included indietary analyses by race and sex

Inclusion of all cases, but only living controls, re-
sulted in surrogate interviews being used just for cases. Cases Controls
Interviews were completed by surrogates for 43 per- Whitemales 736 (69%) 548 (63%)
cent of White males, 46 percent of White females, 35 Whitefemales 860 (74%) 473 (63%)
percent of Black males, and 40 percent of Black Blackmales 269 (63%) 170 (50%)
females. Black females 86 (72%) 47 (61%)
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Table 2. Percent distribution of subjects by demographic characteristics, smoking, and histology for race/sex groups

White males White females Black males Black females

Cases Controls Cases Controls Cases Controls Cases Controls
(No. = 736) (No. = 548) (No. = 860) (No. = 473) (No. 269) (No. = 170) (No. = 86) (No.= 47)

Age
< 60 years 32 31 30 34 41 48 59 51
60- 69 years 41 37 37 39 35 32 24 30
70 + years 28 31 32 27 24 21 16 19

Education
< 12 years 64 44b 45 34_ 75 60a 59 45

Occupation
Ever high-risk 41 32a 1 1 53 46 5 4

Smokingstatus
Nonsmoker 2 17b 12 51b 1 21b 8 43b
Pipe/cigaronly 3 10 0 0 1 11 0 0
Former light 6 17 9 16 8 25 10 17
Former heavy 26 25 8 7 10 8 3 4
Current light 11 10 26 17 35 25 45 32
Current heavy 52 21 45 8 43 11 33 4

Histology
Squamous 49 -- 27 -- 47 -- 22 --
Adenocarcinoma 16 -- 29 -- 14 -- 36 --
Small or oat cell 15 -- 23 -- 16 -- 14 --

Other or not specified 20 -- 21 -- 23 -- 28 --

ap < 0.01.
P < 0.001.

Table 3. Percent distribution of controls by tertiles for vegetable, fruit, and carotenoid intake

All White males White females Black males Black females
(No. = 1,238) (No.= 548) (No.= 473) (No.= 170) (No.= 47)

Vegetables (servings/mo.)
66 + 33 30 40 25 32
42-65 33 36 32 29 34
_<41 33 34 28 46 34

Fruits (servings/mo.)
37 + 33 35 36 22 23
19-36 33 32 36 29 36
_<18 33 32 28 49 40

Carotenoids (RE/mo.)a
16,735+ 33 28 37 38 38
9,684-16,734 33 37 32 28 23
_<9,683 33 34 31 34 38

aRE = retinol equivalents.

Since vegetable consumption showed the strongest yellow/green vegetable consumption for all histologic

inverse association with lung cancer and food values types of lung cancer and trends were significant for

for carotenoids are imprecise," we performed analysis squamous, adenocarcinoma, and small and oat cell car-

by histologic type using yellow/green vegetables as the cinoma. In Blacks, however, only a nonsignificant

exposure. Because of small numbers, analyses of hist- inverse gradient in risk for squamous cell carcinoma

ologic type-specific differencesin associations could was observed. In males, nonsignificant trends of

not be performed simultaneously by race and sex. ORs increasing risk with decreasing intake were apparent

for all subjects combined and by race and by sex separ- for squamous and other cell types, but in females,
ately are presented in Table 6. Among all subjects corn- lower vegetable consumption was associated with an

bined and Whites alone, risk decreased with increasing increased risk of lung cancer for all histologic types.
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Table 4. Odds ratiosa(95% confidence intervals) for lung We investigated the joint effect of smoking and con-
cancer by dietary intake including and excluding surrogate sumption of yellow/green vegetables on risk of lunginterviews for cases

cancer using nonsmokers and former light smokers in
Including Excluding the upper tertile of consumption as the reference

surrogates surrogates (Table 7). Nonsmokers and former light smokers were
(1,951cases, (1,111cases, collapsed into a single category because there were few
1,238controls) 1,238controls) cases who were nonsmokers and no dietary associ-

Vegetables(servings/mo.) ations were observed in either category when analyses
66+ 1.00 1.00 were performed on all race/sex groups combined.
42-65 1.25 1.18 Whites who were former heavy, current light, and cur-(1.10-1.54) (0.93-1.50)
_<41 1.37_ 1.37d rent heavy smokers and who had low vegetable intakes

(1.12-1.69) (1.08-1.73) were at an increased risk of lung cancer, but Blacks
Fruits (servings/mo.) with low consumption were not at an increased risk in

37 + 1.00 1.00 any smoking stratum. Males and females who had low19-36 1.15 1.13

(0.93-1.41) (0.89-1.42) vegetable intakes were at an increased risk of lung can-
_<18 1.15 1.00 cer if they were current light or current heavy smokers,

(0.94-1.41 ) (0.80-1.27) and females were at an increased risk if they were for-
Carotenoids(RE/mo.)_ mer heavy smokers.

16,735 + 1.00 1.00
9,684-16,734 1.08 1.04

(0.87-1.33) (0.82-1.33) Discussion
_<9,683 1.270 1.20

(1.03-1.56) (0.95-1.51) Our findings support a protective effect of yellow/
aOdds ratios from logistic models including age, race, sex, edu- green vegetablesand carotenoids for lung cancer in
cation,occupation,residence,smoking,passivesmoking,study White males and White females. Vegetables also were
phase, weakly inversely associated with lung cancer risk in the

bRE= retinolequivalents, small number of Black females. In Black males, how-° P-trend < 0.05.
dP-trend< 0.01, ever, none of the dietary measures was related to risk.

Table 5, Odds ratios" (95% copfidence intervals) for lung cancer by dietary intake for race/sex groups

White males White females Black males Black females

(736 cases, (860 cases, (269 cases, (86 cases,
548 controls) 473 controls) 170 controls) 47 controls)

Vegetables (servings/mo.)
66 + 1.00 1.00 1.00 1.00
42-65 1.05 1.56 0.89 1.72

(0.76 - 1.45) (1.13 -2.17) (0.45 - 1.74) (0.57 - 5.17)
_<41 1.25 1.70 ° 0.91 1.50

(0.91 - 1.71) (1.22-2.36) (0.49-1.70) (0.51-4.40)
Fruits (servings/too.)

37 + 1.00 1.00 1.00 1.00

19-36 1.25 1.31 0.59 0.99

(0.92-1.70) (0.94-1.82) (0.30-1.15) (0.33- 3.02)
_<18 1.05 1.77 _ 0.490 0.77

(0.77-1.42) (1.26-2.47) (0.27-0.90) (0.26-2.28)
Carotenoids (RE/mo.) _

16,735 + 1.00 1.00 1.00 1.00
9,684-16,734 1.01 1.43 0.73 0.77

(0.73-1.39) (1.02-2.00) (0.40-1.34) (0.25-2.38)
_<9,683 1.20 1.80 e 0.79 0.67

(0.87-1.65) (1.30-2.50) (0.45-1.40) (0.25-1.80)

aRelative odds from logistic models including age, education, occupation, residence (males), smoking, passive smok-
ing, study phase (Black males).

DRE = retinol equivalents.
cP-trend < 0.05.
d P-trend < 0.01.

P-trend < 0.001.
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Table6.Oddsratiosa(95%confidenceintervals)for lungcancerbyhistologyandvegetableintakeforall
subjectsandfor raceandsex groups

Vegetable servings Squamous Adenocarcinoma Small or Otheror not
per month oat cell specified

All
66 + 1.00 1.00 1.00 1.00
42-65 1.28 1.26 1.11 1.28

0.97-1.68) (0.92-1.72) (0.77-1.60) (0.93-1.77)
<_41 1.53c 1.38b 1.60c 1.30

1.17-2,01) (1.01-1.88) (1.13- 2.27) (0.94-1.79)
Whites

66 + 1.00 1.00 1.00 1.00
42-65 1.33 1.26 1.07 1.25

0.99-1.80) (0.90-1.77) (0.72-1.60) (0.88-1,78)
_<41 1.61_ 1.54b 1.76c 1.36

1.20-2.16) (1.10-2.15) (1.20-2.59) (0.95-1.94)
Blacks

66 + 1.00 1.00 1.00 1.00
42-65 1.12 1.34 1.30 1.46

0.54-2.32) (0.55-3.30) (0,47-3.60) (0.62-3.44)
_<41 1.27 0.83 0.96 1.21

0.66-2.43) (0.35-1.95) (0,38-2.42) (0.54-2.73)
Males

66+ 1.00 1.00 1.00 1.00
42-65 1.16 0.73 0.88 1.17

(0.82-1.65) (0.44-1.19) (0.52-1.46) (0.74-1.85)
_<41 1.28 0.98 1.15 1.36

(0.91-1.79) (0.61-1.56) (0.71-1.86) (0.87-2.12)
Females

66 + 1.00 1.00 1.00 1.00
42-65 1.47 1.84 1.34 1.46

O.92-2.36) (1.23-2.77) (0.79-2.28) (0.93-2.31)
_<41 2.15_ 1.84c 2.24c 1.23

(1.37-3.39) (1.21-2.79) (1.32-3.77) (0.76-1.98)

Relativeodds from logistic modelsincluding race and/or sex, age, education,occupation, residence (males), smok-
ing, passive smoking,study phase (Blacks and males).

bP-trend< 0,05.
oP-trend< 0,01.

P-trend< 0.001.

These findings could not be explained by differences in cases_8and evidence for Mendelian inheritance of a rare
histologic type of lung cancer or by smoking patterns, autosomal gene3_also have been reported. A difference

Only one other study 2has investigated Black-White in metabolism of carcinogens has been suggested as a
differences in lung cancer risk associated with caro- mechanism underlying genetic variation in lung cancer
tenoid intake and, in that study, a slight inverse gradi- susceptibility24
ent in risk of squamous and small cell cancer was Thelack of an apparent associationbetweendiet and
evident in both Blacks and Whites. The racial differ- lung cancer in Blacks in our study also could be due to
ences that we observed in associations of diet with lung the smaller number of Blacks and/or bias. Only 50per-
cancer could be due to genetic variation. Alternatively, cent of potential Black male controls could be included
methodologic shortcomings of our study could explain in analyses compared with more than 60 percent in
these differences, other race/sex groups, suggesting the possibility of

Interindividual differences in susceptibility to lung selection bias. The phrasing of particular questions and
cancer, at least in part, are inherited, 3_and the Black- the omission of some foods from the food frequency
White differences in the role of diet that we observed, questionnaire also may have led to misclassification of
could be due to genetic variation. Several epidemio- Blacks. For instance, collards, turnip greens, and mus-
logic studies have reported an increased risk of lung tard greens are among the primary source of caro-
cancer among family members of lung cancer cases?537 tenoids for BlacksJ°yet they were grouped into a single
Different frequencies of ras oncogene alleles among item labelled 'greens' on our questionnaire, The term
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Table 7. Odds ratios a(95% confidence intervals) for lung cancer by smoking status and vegetable intake for all subjects and
for race and sex groups

Vegetable servings Smoking status
per month

Nonsmokersor Pipe or Former Current Current
former light cigar only heavy light heavy

All (1,951 cases, 1,238controls)
66+ 1.0 0.7 4.5 5.1 14.3

(0.2-2.3) (2.9-6.9) (3.3- 7.8) (9.5-21.5)
42-65 1.3 1.5 6.0 5.4 17.1

(0.9-1.9) (0.7-3.5) (3.9-9.1) (3.6- 7.9) (11.4-25.6)
_<41 1.0 1.1 6.6 8.4 22.6

(0.7-1.5) (0.5-2,4) (4.3-10.4) (5.7-12.5) (15.4-33.2)
Whites (1,596 cases, 1,021controls)

66+ 1.0 0.7 4.8 4.6 14.9
(0.2-2.7) (3.0-7.7) (2.8-7.4) (9.6-23.1)

42-65 1.5 2.6 5.9 5.6 16.0
(1.0- 2.2) (1.1-6.4) (3.8- 9.3) (3.6-8.7) (10.4-24.8)

_<41 1.1 1.3 7.2 9.1 24.5
(0.7-1.6) (0.6-3.0) (4.5-11.6) (5.7-14.6) (16.0-37.3)

Blacks (355 cases,217 controls)
66+ 1.0 -- 2.6 7.0 14.2

(0.7-9.7) (2.6-18.9) (4.3-47.5)
42-65 0.8 -- 10.0 4.7 36.6

(0.3-2.0) (2.5-39.8) (1.9-11.7) (10.5-128.5)
_<41 0.8 -- 3.7 6.8 17.0

(0.3-2.1) (1.0-14.1) (2.9-15.9) (6.4-45.4)
Males (1,005 cases, 718 controls)

66+ 1.0 0.6 4.4 3.8 11.2
(0.2-1.9) (2.4-8.1) (1.9-7.6) (6.2-20.4)

42-65 0.9 1.1 4.4 4.4 10.9
(0.5-1.8) (0.5-2.8) (2.5- 7.8) (2.3-8.3) (6.2-19.5)

_41 0.7 0.8 4.9 6.8 14.4
(0.4-1.4) (0.4-1.9) (2.7- 9.0) (3.7-12.5) (8.3-24.9)

Females (946 cases, 520 controls)
66+ 1.0 -- 2.3 5.9 15.6

(1.1-4.8) (3.5-10.2) (8.6-28.4)
42-65 1.6 -- 8.0 5.7 30.8

(1.0-2.4) (3.4-19.0) (3.5-9.4) (15.3-61.9)
_<41 1.2 -- 8.0 9.1 43.5J

(0.8-1.9) (3.4-18.8) (5.4-15.4) (21.8-87.0)

aRelativeodds from logistic models including race and/or sex, age, education, occupation, residence (males), passive smoking,study
phase (Blacksand males). Because only 4 Black madecases just smoked pipes or cigars, we included pipe and cigar smoking in the
logistic model for Blacks as a single dichotomous variableand did not calculate odds ratios by tertile of vegetable intake.

'greens' may not be precise enough for people to accu- observed trends in males and females similar to ours,

rately quantify intake, 4_and thus we may have under- but in four other studies 2,5,'4,_5associations were limited
estimated vegetable and carotenoid consumption to males. In a study by Byers et al, _ carotenoids from

among Blacks. Additionally, oranges and orange juice, fruits and vegetables were associated inversely with

which are more important sources of carotenoids for lung cancer in White males overall and in White
Blacks than Whites, 4° were not included in our females who were nonsmokers. Differences in

questionnaire, reported findings by sex could be due to the smaller

In our series, lung cancer risk was associated number of female subjects included in most studies or

inversely with yellow/green vegetable and carotenoid differences in smoking histories of males and females.

consumption for White males and White females and The pattern of increasing risk of lung cancer with

with yellow/orange fruit consumption for White decreasing consumption of yellow/green vegetables

females. Six studies have reported associations of veg- that we observed was limited to smokers. Carotenoids

etables, fruit, or carotenoids with lung cancer separ- can be potent antioxidants and may react with a car-
ately for both males and females. Le Marchand et al6 cinogen in cigarette smoke, thereby protecting against
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lung cancer in cigarette smokers only. Such an effect 3. Forman MR, Yao SX, Graubard BI, et al. The effect of
would be consistent with the lower blood _-carotene dietary intake of fruits and vegetables on the odds ratio of

lung cancer among Yunnan tin miners. IntJ Epidemiol
levels noted in smokers relative to nonsmokers with 1992; 21: 437-41.
comparable carotenoid intakes. 42,43 4. Jain M, Burch JD, Howe GR, Risch HA, Miller AB.

Associations between diet and lung cancer have been Dietary factors and risk of lung cancer: Results from a
reported to differ by smoking status in numerous epi- case-control study, Toronto, 1981-1985. Int J Cancer
demiologic studies but not in a consistent manner. 1990;45:287-93.
Associations have been reported to be strongest in 5. Hirayama T. A large scale cohort study on cancer risksby diet--with special reference to the risk reducing
long-term smokers, 17heavy smokers, 44light smokers, 2 effects of green-yellow vegetable consumption. Proceed-
current smokers, 7 former smokers, 16and nonsmok- ings of the 16th International Symposium of the Princess
ers. 1°,_ Definitions of dietary intake and of smoking Takamatsu Cancer Research Fund 1986; 16:41-53.

categories vary among studies and many studies do 6. Le Marchand L, Yoshizawa CN, Kolonel LN, HankinJH, Goodman MT. Vegetable consumption and lung
not disentangle heavy smokers from long-term and cancer risk: A population-based case-control study in
current smokers which could contribute to these Hawaii.JNCI1989; 81: 1158-64.
discrepancies. 7. Pisani P, Berrino F, Macaluso M, Pastorino U, Crosig-

Most investigators have reported inverse trends with nani P, Baldasseroni A. Carrots, green vegetables and
dietary intake of vegetables, fruits, and carotenoids for lung cancer: A case-control study. IntJ Epidernio11986;15:463-8.
multiple histologic types of lung cancer. 4,6,7,11In our 8. Swanson CA, Mao BL, LiJY, et al. Dietary determinants
series, also, low yellow/green vegetable consumption of lung-cancer risk: Results from a case-control study in
was associated with an increased risk of all histologic Yunnan Province, China. IntJ Cancer 1992; 50:876-80.

types of lung cancer in Whites. In addition to acting 9. Fraser GE, Beeson WL, Phillips RL. Diet and lung
cancer in California Seventh-day Adventists. Am J

possibly as antioxidants, carotenoids may protect Epidemiol1991;133: 683-93.
against lung cancer by other mechanisms, including 10. Knekt P, Jarvinen R, Seppanen R, et al. Dietary antioxi-
maintaining normal differentiation after conversion to dants and the risk of lung cancer. Am J Epiderniol 1991;
retinoids at the cellular level and stimulating the 134:471-9.

immune system. _sThe lack of specificity of dietary 11. Byers TE, Graham S, Haughey BP, Marshall JR, Swan-
associations for a particular histologic type of lung can- son MK. Diet and lung cancer risk: Findings from theWestern New York Diet Study. Am J Epidemiol 1987;
cer may be related to the multiple actions of carote- 125: 351-63.

noids with widespread effects. 12. Dartigues JF, Dabis F, Gros N, et al. Dietary vitamin A,
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increased with decreasing intakes of yellow/green veg- south-western France. EurJ Epidemio11990; 6:261-5.
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case-control study of dietary carotene in men with lung
associations were observed between vegetable intake cancer and in men with other epithelial cancers. Nutr
and all histologic types of lung cancer but were re- Cancer 1991; 15:63-8.
stricted to smokers. We infer that yellow/green veg- 14. Hinds MW, Kolonel LN, HankinJH, LeeJ. Dietary vit-
etable intake protects against lung cancer in White amin A, carotene, vitamin C and risk of lung cancer in
smokers. Additional studies are needed to clarify the Hawaii. AmJ Epidemiol 1984; 119:227-37.
effect in Blacks. 15. Kolonel LN, Hinds MW, Nomura AM, Hankin JH, LeeJ. Relationship of dietary vitamin A and ascorbic acid
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